Introduction
The bankruptcy of Lehman Brothers was the world's first alarm about the imminent financial crisis that primarily began to take shape in the U.S. and was suspected to have inevitably spread throughout the world. The Lehman bankruptcy was followed by the takeover of Merrill Lynch by Bank of America and the consequent rescue of AIG. HBOS plc, Britain's largest mortgage lender, was taken over by Lloyds TSB, followed by the nationalization of the European banking and insurance giant Fortis and the rescue plan in Germany. In 2008, the tsunami-like crisis began to spread rapidly across the globe and immediately became a worldwide issue. Many countries had large budget deficits and significant national and international debt. In addition, a number of emerging market economies, such as Hungary, Ukraine, Latvia and Iceland, suffered from severe financial crises and sought emergency assistance from the International Monetary Fund (IMF). The situation in Greece was worse. Experts throughout the world agreed that the world was approaching the deepest recession since World War II. In short, large financial institutions either collapsed or were purchased, and even governments in the world's wealthiest nations had to develop rescue packages to bail out their financial systems during the crisis. countries suffered because of the crisis that started in the U.S.? In fact, researchers across the world largely believe that the global financial crisis originated in the U.S. from its sub-prime mortgage crisis, whose severity was further intensified through a major breakdown in the financial system that spread rapidly throughout the world. Agreeing with scholars who stated that financial market contagion occurred during the crisis is therefore logical.
Without a doubt, financial market contagion is an issue of enormous interest in the finance literature. Dornbusch et al. (2000) and Pritsker (2001) adopt the definition of contagion as the dissemination of market disturbances, primarily with negative consequences, from one market to another. Researchers vi strongly assert that an excessive increase in the correlation among the countries causing the crisis and all other countries is synonymous with the presence of contagion. We have adopted this definition of contagion in our paper. Bekaert et al. (2005) also identify contagion in equity markets as the notion that markets move more closely together during periods of crisis. Sachs et al. (1996) describe financial market contagion as a significant increase in cross-country correlations of stock market returns and volatility.
Understanding whether financial market contagion occurred during the recent financial crisis is a fascinating study.
In contrast, the literature on stock market co-integration suggests that the benefits from portfolio diversification diminish across countries when financial markets move more closely together. In this regard, Arshanapalli and Doukas (1993) , McInish and Lau (1993), and Meric and Meric (1997) demonstrate that global portfolio diversification benefits to investors decrease significantly when the correlation between national stock markets increases. Hon, Strauss, and Yong (2006) The empirical results demonstrate the existence of contagion in financial markets during the global crisis. The results also suggest that the crisis originated in the U.S. and the effects escalated to the other global markets. Principal regional common factors strengthen the country-level results and are evident of the occurrence of contagion in the global financial markets during the crisis. Finally, the co-integration analysis stresses that portfolio diversification benefits decay significantly between countries during the crisis.
The rest of the paper is designed as follows. Section 2 summarizes the existing literature on the issue. Section 3 elaborates on the methodology used in the study. A description of the data is provided in section 4. Section 5 presents the empirical evidence, and the concluding remarks are provided in section 6.
Literature Review
The results from the relatively extensive empirical literature on contagion in equity markets are divergent. Contagion in equity markets refers to the notion that markets move more closely together during periods of crisis (Bekaert et al. 2005) . Hon et al. (2006) find that major global events such as a crisis can lead to a change in the cross-country correlation of assets. Ang and Bekaert (2001) and Longin and Solnik (2001) show that cross-correlations of international equity markets are higher during periods of volatility, which is true for major events such as financial crises. Cappiello et al. (2006) also conclude that, during periods of financial turmoil, equity market volatilities show important linkages and conditional equity correlations among regional groups increase dramatically. Baig and Goldfajn (1998) investigate the contagion effect from the Asian currency crisis on Thailand, Malaysia, Indonesia, South Korea and the Philippines. They consider the presence of contagion between equity and currency markets. Baig and Goldfajn (2000) examine whether there was contagion during the Russian crisis with regard to Brazil and conclude that contagion occurred and that the mechanism of propagation was the debt securities market. They also note the sudden halt in capital flows to Brazil and Russia. Corsetti et al. (2005) test the contagion effect between Hong Kong, the ten emerging nations and the G7 countries and their evidence suggests that at least five of the seventeen countries showed symptoms of contagion.
In line with Rigobon (2003), Caporale et al. (2003) also conclude that there was evidence of contagion during the Asian crisis. At the same time, Billio et al. (2003) shocks during the three to six months after the crisis. Alper and Yilmaz (2004) present an empirical analysis of real stock return volatility contagion on the Istanbul Stock Exchange (ISE) from emerging markets. They produce evidence of a volatility contagion from financial centers, particularly on the aftermath of the Asian crisis to the ISE. Khalid and Kawai (2003) investigate the inter-linkages among different markets and countries within the Asian region but do not find any evidence to strongly support contagion. Kawai and Khalid (2001) analyze the financial market contagion across regions during the "Tequila Crisis," the "Asian Crisis" and the "Russian Crisis." In addition to Asia, they particularly consider the effect of the collapse of the Thai baht on financial markets in Latin America and Europe. Ferna´ndez-Izquierdo and Lafuente (2004) examine the dynamic linkages between international stock market volatility during the Asian crisis in 12 relevant stock exchanges. They focus on the contagion hypothesis around the world and their empirical results tend to support the contagion hypothesis, i.e., significant leverage effects are the result of negative shocks within the market itself and foreign negative shocks. Bekaert et al. (2005) produce no evidence that the Mexican crisis caused contagion.
However, they find economically meaningful increases in residual correlations, particularly in Asia, during the Asian crisis. Dungey and Martin (2001) , using a different methodology, find similar results for Asia and explore the role of currency risk in equity market contagion.
Nevertheless, in a different type of study, Kaminsky and Schmukler (1999) analyze the type of news that moved markets on market jitter days during the Asian crisis. Their study reveals that movements were triggered by local and neighboring countries and that news about agreements with international organizations and credit rating agencies have the most weight.
Using correlation analysis, Lee and Kim (1993) Chudik and Fratzscher (2011) study twenty-six economies (defining the Euro area as a single economy and excluding China) using weekly data and find that the tightening of financial conditions was the key transmission channel in advanced economies, whereas the real side of the economy was the main channel in emerging economies. Another conclusion of their paper is that Europe suffered a greater effect than other advanced economies from the decline in risk appetite.
Furthermore, Samarakoon (2011) uses the widest sample of previously detailed studies, including sixty-three emerging and frontier markets (developed markets are excluded in his study). In line with our study, this study starts with an AR(3) model and moves to a VAR framework (whereas we move to a DCC). However, the conclusion of the paper is counterintuitive because it does not find that contagion spread from the U.S. to emerging markets (except for Latin America) but finds that contagion spread from emerging markets to the U.S. market. Nonetheless, Coudert et al. (2011) study the exchange market contagion between emerging markets and find that contagion spread from one to other neighboring emerging countries' foreign exchange markets during a global crisis.
The empirical results are inconclusive. One group of researchers define contagion as a significant increase in cross-country correlations during a crisis; however, the other group claims that, after adjusting for heteroskedasticity, there is no significant increase in crosscountry correlation, which is interdependence. The issue of heteroskedasticity is very important in the empirical research on contagion. Therefore, employment of a multivariate GARCH model such as DCC can help address the issues of heteroskedasticity, or the dynamic nature of correlation.
Testing Procedure
In this paper, we have employed the AR model class to capture contagion in the world market during the recent global financial crisis. We consider the U.S. as the source of the contagion. As previously discussed, contagion increases in cross-country correlations of stock market returns and volatility. . We obtain the a and b by maximizing the log-likelihood of the DCC process given by the following equation:
An imposed restriction on the model is that . We obtain the pattern of dynamic correlations by using equation 5, for which the dynamic correlation between series i and j at time t is simply equal to .
If the primary conditions of a DCC are satisfied through the estimations previously mentioned, we proceed to apply the DCC framework to identify the presence of contagion at the country level and augment this model with asymmetric influences as shown by Cappiello et al. (2006) viii . We employ an AR(p) model on the dynamic correlations that we obtained using eq. (1) to test the contagion of the U.S. market onto the different markets in the world.
We employ where ̂ is the DCC between market i and the U.S. market at time t, is a dummy variable for the crisis period and is the error term. The presence of contagion is identified with the significant positive coefficient of .
We also apply a similar methodology to analyze contagion at the regional level. Following the methodology of Yiu et al. (2010), we first use the principal component technique of Jolliffe (2002) to identify regional factor(s). Subsequently, we perform the following VAR filter for the regional factor(s):
We repeat the same methodology for the regional factors that we used for the country indices (eq. 7). We adopted the methodologies of Yiu et al. (2010) where is the DCC between market i and the regional principal component at time t, is a dummy variable for the crisis period and is the error term. The presence of contagion is identified with the significant positive coefficient of .
To reconfirm whether the U.S. triggered the contagion, we employ a cointegration method. First, we employ the Johansen procedure to determine whether the series are co- Johansen, 1991) . Second, we estimate the vector error correction (VEC) model to determine Granger causality (Engle and Granger 1987) . Third, we employ an impulse response method to determine the country that triggered the contagion. These methods ix are also used to determine the effect of portfolio diversification.
Data
In this paper, we have used daily data [Insert Table 1 about here]
Results
The estimates for equation (1) are presented in Table 2 and show that the AR term in the mean equations are highly significant with a few exceptions but that the coefficients of the U.S. lagged returns are highly significant xiv . These results support a study by Dungey et al. (2003) , who found that the effect of U.S. returns on global stock returns is highly significant.
The results from Table 2 clearly indicate that individual markets are driven by the global factor "the US return." The AR(1) terms in the mean equation are significantly positive for most emerging markets that indicate price friction or partial adjustment; however, these terms for developed countries are significantly negative, indicating the presence of positive feedback trading in developed countries (e.g., Antoniou et al. 2005) .
[Insert Table 2 about here]
We run seemingly uncorrelated regressions (SUR) between individual series and U.S. returns within the higher order VAR framework to test a CCC against a DCC under the Engle and
Sheppard (2001) proposition. The test results are rejected at the 5% level, indicating that the MSCI return series have a DCC with U.S. returns (Table 3) . These results interpret the timevarying volatility characteristics of the return series; that is, the persistence of shocks to volatility depends on +. Engle and Bollerslev (1986), Chou (1988) , and Bollerslev et al. (1992) show that if + <1, the tendency is for the volatility response to decay over time. If +=1, volatility persists indefinitely given shocks over time, and if +>1, the persistence of increasing volatility over time/covariance stationary is violated. Although time-varying volatility is evident in the results, most developed countries experience long, persisting shocks. Unfortunately, long-term persistent shocks ( coefficient) are zero for a few countries in the sample, which requires special attention.
[Insert Table 3 with the presence of contagion (e.g., Masson and Mussa, 1995; Calvo and Reinhart, 1996; Sachs et al. 1996; Masson, 1998 and 1999; Forbes and Rigobon, 2002; Pesaran and Pick, 2003; Pritsker, 2001; Pericoli and Sbracia, 2001; and Corsetti et al. 2003) .
[Insert Figure 1 about here]
Next, we turn to the DCC analysis of contagion. As previously described, we have first obtained the residuals from the return equation (eq. 1), which are then used to calculate the dynamic correlation patterns. Finally, these patterns are tested for a dominant contagion effect during a crisis using an AR(1) model (eq. 7) with a crisis dummy. The results of the AR (1) model are shown in Table 4 . An interesting feature of the model is the significance of the coefficient δ, which implies that the crisis has significantly increased the integration between market i and the U.S. market. robustness, we run eq. 7 using the three-month interbank interest rates from the global crisis period; however, the crisis is not significant in either case. These results confirm that the contagion does not spread from other channels xvi .
[Insert Table 4 about here]
We have also used principal component analysis method to detect the contagion effect of the U.S. factor on the regional common factor. The results are reported in Table 5 , which shows the principal component eigenvalues and proportion of variance explained by the methodology and each ranked eigenvector. In all regions, the first principal component explains a larger portion of the variance than the subsequent principal components. For this reason, in all further calculations, we have used only the highest ranked principal component that we term the "regional factor." After obtaining the regional factors, we have performed a test by applying a model similar to equation 1 and saved the residuals, which are then used in the DCC methodology. Figure 1 shows the pattern of dynamic correlations obtained between each regional factor and the U.S. and indicates that, for each regional factor, the dynamic correlation is near 0.5 during the crisis. Both the South and the North American regional factor indicate a jump in the dynamic correlation with the U.S. This jump is confirmed in Table 5 , which shows coefficients of the AR model on the dynamic correlations (eq. 9). All of the regions show highly significant changes in dynamic correlations with the U.S. These results make clear that regional common factors play a key role in spreading the contagion from the U.S. to the global markets during the crisis. Nevertheless, Figure 2 also validates contagion during the financial crisis because the dynamic correlations between the regional common factor and the U.S. are highly significant at this time.
[Insert Table 5 Furthermore, we have implemented a VAR framework for contagion testing in the financial markets. First of all, the ADF, PP, and KPSS tests confirm the non-stationarity of level indices for all regional countries. The Johansen procedure is also based on two test statistics,
i.e., the maximum eigenvalue and the trace statistic, suggesting that the data follow the VECM approach xvii . Granger causality is conducted under the VECM procedure to investigate the bi-directional linkage of the regional countries. The results for the bi-directional linkage between regional countries are presented in Table 7 .
[Insert Table 7 about here]
The bi-directional linkages indicate a significant influence of the U.S. on the rest of the world's countries (Table 7) . However, we graphically confirmed these results by investigating the response to Cholesky's one standard deviation innovations of the U.S. to other countries through the impulse response function within a VECM framework. Impulse responses trace the reactions of the dependent variable to a unit shock of all other variables in a dynamic system: by hitting the error term with a shock, one can trace the effects on the dependent variable over time (Brooks 2008) . The impulse response between regional countries is presented in Figure 3 . All of these figures reflect the global markets' immediate response with one standard deviation shock of the U.S., except for Sweden xviii . These results confirm the significant unidirectional causal linkages, and they confirm that contagion spreads from the U.S. to the rest of the countries throughout the world.
[Insert Figure 3 about here]
Finally, we conclude that the financial market contagion has occurred during the global financial crisis. During this crisis, the contagion originated from the U.S. and spread rapidly to the rest of the countries around the world. The regional principal component appears as a key factor for some regions. Nonetheless, the co-integration results confirm the high degree of inter-linkages among the financial markets during the crisis, indicating that portfolio diversification benefits decay between countries during a crisis.
Conclusion
Researchers commonly believe that the crisis seemingly originated from the U.S. and DCC approach, together with the PCA framework, indicated the presence of contagion at the regional level for all regions in our study, thus confirming that the financial crisis was truly global. However, the Granger causality tests and the Impulse response functions within the VECM framework also confirm these results, except for Sweden. Sweden implemented a similar resolution to address the global crisis that succeeded; therefore, the country was not hit by the global crisis. Nevertheless, diversification benefits significantly decayed between the countries during the crisis.
With respect to studies on the recent global financial crisis, our contribution is threefold.
First, we have used a wider sample than other studies and, thus, are able to better judge the scope of contagion during the global financial crisis. We also have used daily data when other studies used weekly or monthly data. Our results confirm that the contagion effect is more prominent in the financial markets when daily data are used instead of weekly data.
Samarakoon (2011) tests the contagion effect on the emerging and frontier markets, but we have tested global data. However, other studies have focused only on a single region or group of countries and are incomplete. In contrast, this study has presented a complete picture in this context because it has captured a wide range of markets, including developed, emerging, and frontier markets. Furthermore, the robustness checks using three-month interbank interest rates confirm that contagion spreads through financial markets during a global crisis and not through the banking channel. Second, we have tested market contagion using multi-approach econometric techniques (e.g., DCC-GARCH, PCA and VECM), whereas the existing studies on market contagion have adopted a single method. Furthermore, the results of a cointegration analysis within the VECM framework are evidence that portfolio diversification benefits decay between countries during a crisis. These results are new with respect to crisis data. Third, this study has provided an extensive review of the existing studies on market contagion during major financial crises witnessed in the past three decades.
Acknowledgments:
We acknowledge the financial support from the NASDAQ OMX Nordic Foundation. We benefitted from Eva Liljeblom's comments on the previous draft. We thank Lamia Bekkour We use the DCC pattern from the eq. 1 and run the AR(1) including a dummy variable in the regression. Each model regression thus describes how the returns (fitted to the specific model) are correlated with the US returns over the sample period, and wheth er contagion has occurred in the markets depending on how we explain our underlying returns. Table 6 Coefficients on the AR(1) regression with crisis dummy of the dynamic correlation coefficient of the different regional factor's residuals and the US residuals as outlined in the equations 8 & 9 *** indicate 1% significane level.
Regional factor γ0 γ1 δ Western Europé 0,0523*** 0,89*** 0,020*** Eastern Europé 0,33*** 0,39*** 0,090*** Nordic -0,022*** 0,95*** -0,011*** MENA 0,024*** 0,94*** 0,0071*** Africa 0,026*** 0,93*** 0,010*** South and Central Asia 0,010*** 0,96*** 0,0086*** Pacific Asian 0,013*** 0,95*** 0,0083*** North America 0,14*** 0,82*** 0,0094*** South America 0,043*** 0,93*** 0,013*** help explain or predict current movement in the other country . ***significant at the 1% level, **significant at the 5% level, and *significant at the 10% level. Eigenvalue statistic are to be found in Osterwald-Lenum (1992) and Doornik (1998) .
Step 2: VAR Framework: Depending on the outcome of the cointegration tests, a vector autoregressive or a vector error correction approach will be used in order to conduct this research. If there is a cointegration between the series, the VAR model has to be transformed into a VECM, which is a restricted VAR created to deal with non-stationary variables. Engle and Granger (1987) noticed that when modeling with VARs where the variables are cointegrated, their estimates in first differences or levels will be biased and; therefore, 
where:
represents the product of the α and β matrix with the dimensions and where is the set of variables and r the number of cointegrating relationships such that . is often referred to as the long run parameter and the short run parameter which captures the long in the former and short run dynamics in the latter of the variables (Lutkepohl, 2004) . When there is one cointegrating relationship, can be written as:
.(A6)
Step 3: Granger-Causality Test: The causality term was introduced by Granger (1969 where:
contains lagged values on and ,and only contains lagged values on generated by a VAR(p) procss: ) and in case of a VECM approach :
The granger causality test has the ability of predicting each one of our variables statistical impact on their future value (Brooks, 2008) , that is, telling us if one variable Granger-causes the other. However, Brooks (2008) argues that the information of a positive or negative relation or the time horizon of when the impact will take place cannot be predicted by a Granger-causality test but Impulse responses on the other hand, have the ability of doing so.
Therefore, the Impulse response function is applied. Impulse responses traces the reactions of the dependent variable to a unit shock of all the other variables in a dynamic system, that is, by hitting the error term with a shock, one traces the effects on the dependant variable over time (Brooks 2008) . This is showed graphically and has the following representation as in (Lutkepohl, 2004) : Shahid.Quoreshi@tillvaxtanalys.se iv A detailed overview of the events of the global financial crisis is given in Acharya et al. (2009). v In November, at its minimum value, the index lost 35% of its value since September 1, 2008.
vi Masson (1998 and 1999) , Masson and Mussa (1995) , Calvo and Reinhart (1996) , Forbes and Rigobon (2002) , Pesaran and Pick (2003) , Pritsker (2001) , Pericoli and Sbracia (2001) and Corsetti et al. (2003) . vii Dynamic conditional correlation (DCC) is tested against the constant conditional correla tion (CCC) by implementing Engle and Sheppard (2001) model. viii We adopted ADCC but the results did not improve; therefore, we did not pursue it any further. ix The models are described in detail in the appendix. However, the appendix section is excluded from the paper because the paper is already too long.
x Weekly data were tested to check robustness. We found no better results using the weekly dataset. xiv We ran the models with the regional leading country's lag alongside the U.S., but none of the regional leaders was significant. We tested the regional leaders alongside the U.S. to see if the market contagion spread from the regional leader. xv Given space limitations, we did not produce the results for regional models.
xvi The results are not reported given space limitations but are available on request.
xvii We have conducted a co-integration analysis between nine regional countries by implementing the Johansen procedure. Based on the maximu m eigenvalue and the trace statistic, we concluded that all regional countries are integrated at least at level 1. Given space limitations, we are unable to provide the detailed results, which are available on request. xviii Sweden implemented a similar resolution method when it tackled the Swedish banking crisis during the 1990s. We believe that the Swedish resolution help it escape the global crisis.
